The in vivo repair of pyrimidine dimers induced in the DNA of skin of 9 patients diagnosed as systemic or discoid lupus erythematosus (LE) was measured. A small area of the buttock was exposed to radiation emitted from a Burdick UV -800 sunlamp. The number of pyrimidine dimers was measured by incubating the epidermal skin DNA wiih UV -specific endonuclease and sedimenting the DNA through alkaline sucrose gradients. The initial number of dimers induced following sunlamp exposurewas 7.6 ± 1.8 per 10 8 daltons DNA . The level of photorepair was measured by illuminating an area of the skin with> 450-nm radiation immediately following sunlamp exposure. We found that 56.5 ± 9.5% of the dimers are photorepaired with 5 min of illumination. Excision repair ·was measured in an area of the skin covered for 2 and 24 h postirradiation. Approximately 44 and 81% of the dimers induced immediately following sunlamp exposure were removed at these respective times. These observations in LE are similar to those observed in the skin of normal individuals.
The in vivo repair of pyrimidine dimers induced in the DNA of skin of 9 patients diagnosed as systemic or discoid lupus erythematosus (LE) was measured. A small area of the buttock was exposed to radiation emitted from a Burdick UV -800 sunlamp. The number of pyrimidine dimers was measured by incubating the epidermal skin DNA wiih UV -specific endonuclease and sedimenting the DNA through alkaline sucrose gradients. The initial number of dimers induced following sunlamp exposurewas 7.6 ± 1.8 per 10 8 daltons DNA . The level of photorepair was measured by illuminating an area of the skin with> 450-nm radiation immediately following sunlamp exposure. We found that 56.5 ± 9.5% of the dimers are photorepaired with 5 min of illumination. Excision repair ·was measured in an area of the skin covered for 2 and 24 h postirradiation. Approximately 44 and 81% of the dimers induced immediately following sunlamp exposure were removed at these respective times. These observations in LE are similar to those observed in the skin of normal individuals.
The role of ultraviolet radiatio n (UVR) in the pathogenesis of lupus erythematosus (LE) remains uncertain. It is widely recognized that UVR, ·appears to precipitate or exacerbate LE in some patients. Previous studies [1] [2] [3] [4] have revealed that DNA in human skin can be altered by exposure to UVR in vivo, producing UV-irradiated DNA (UV-DNA) . Patients with LE have been found to have circulating antibodies to UV -DNA which cross-react with native DNA [5, 6] . To date, these antibodies have not been demonstrated in patients with other forms of photosensitive disease [6] . Animals presensitized to UV-DNA and exposed to UVR also develop a nephropathy and cutaneous lesions somew hat similar to those seen in human LE [7, 8] .
Exposure of human skin to UVR results in the formation of pyrimidine dimers and other photoproducts in t he DNA of the epidermis and dermis [2] [3] [4] . In normal individuals, these dimers produced in vivo are repaired both by the excision [2, 4] and photo [3, 4] repair processes. The importance of DNA repair in the sensitivity of skin to UVR is probably best demonstrated in xeroderma pigmentosum (XP). Individuals with XP develop tumors predominately on the area of the skin exposed to sunlight [9] . Cells in culture derived from the skin or lympho- [14] . A recent study [15] showed that t he capacity to repair 0 6 -methylguanine in lymphocytes obtained from LE was impaired. No studies have described photorepair in LE. In order to help assertain the role of UVR-induced DNA damage a nd repair in the pathogenesis of LE, we studied excision and photorepair directly in the skin of individuals clinically characterized as having LE. Although our data indicate individual variation in the DNA repair capacity of LE patients, the levels of photo and excision repair appear to be only sim ilar or slightly less than those observed previously in norma l individuals.
MATERIALS AND METHODS
The LE vo lunteers (male and fema le) between t he ages of 25 and 62 used in t hi s study were clinically diagnosed as having discoid (DLE) or system ic (SLE). The levels of antinuclear antibody (ANA) a nd basement membrane direct immunofluorescence (DIF) as well as the medication each individual was taking at the time of irradiation a re shown in Table I .
The buttock area was exposed to radiation em itted from a Burdick UV 800 sunl amp (Burdick Corp. , Milton , W isconsin). The properties of th is lamp are as described previously [2, 3] . The lamp was 78.1 em from t he surface of t he ski n and irradiation was for 37.5 s. The dose rate was 58.7 W /m" as measured with a Kettering radiometer a nc! probe [3] . Excision repai r was measured as previously described [2] at 0, 2, and 24 h fo llowing irradiation. The irradiated area was covered with a bandage to exclude exposure to room light. In order to measure photorepair [3] , radiation from the same lamp was fi ltered through a 5 mm-thick piece of yellow P lexiglas 6 em from t he surface of the ski n. This allowed the passage of wavelengths of light greater than 455 nm at a dose rate of 15.7 W / m" [3] . Illumination of t he skin with fil tered li ght took place for 5 min immed iately following the irradiation with unfiltered light for 37.5 s as described previously (3] . The areas of skin used for control (no UV and/or no photorepair) or UV irradiation only were sh ielded from photorepair and room li ght by covering the skin with a bandage. All biopsies used for photorepair studies were taken after the photorepair illumination. This all owed for the correction of any excision repair that could have taken place during the 5 min of photorepair.
Immediately following illumination, to measure photorepair, or at various times foll owing irrad iation , to measure excision repair, 2 x 2 mm skin specimens were surgically removed as described previously [2, 3] . The DNA was extracted from the skin specimen, dia lyzed against UV -endonuclease buffer, and quantitated usi ng Hoechst 33258. One microgram of DNA was t hen incubated with 0.8 11-g UV -endonuclease (16] at 37"C for 60 min and the DNA was sedimented through 5-20% alkaline sucrose gradient at 45,000 rpm for 100 min . After fractionation of the gradient, the amount of DNA was determined by reaction with diaminobenzoic acid and the number average mo lecul ar weight was calculated as described previously [2, 3] .
RESULTS
The cli nical characteristics of the 9 LE individuals used in this study are shown in Table I .
the patients were ·using various medications at the time of exposure to UVR. Each patient was exposed to the same amount (37.5 s) of radiation emitted from the sunlamp. The number of pyrimidine dimers induced immediately following irradiation varied somewhat among individuals producing 7.6 ± 1.8 dimers per 10 8 daltons of DNA (Table II) . The variation was a little higher than previously experienced [2, 3] and could be due to the noted variation in skin pigmentation, (e.g., BL was negroid) , and/or to the medication on which each patient was being maintained. In order to determine the level of photorepair in each individual, part of the irradiated area was illuminated with filtered light. The effect of exposure to UVR with and without illumination with filtered light is shown in Fig 1. The DNA obtained from sunlamp-irradiated skin and reacted with pyrimidine dimer-specific UV -endonuclease, is much smaller in size than the DNA obtained from skin not exposed to the sunlamp. When the sunlamp-irradiated skin was illuminated with fi ltered light, the DNA sedimented was between that of the irradiated and nonirradiated skin DNA, indicating a loss of pyrimidine dimers from the skin DNA. The data in Table II compare the individual levels of photorepair "SLE = system ic lupus erythematosus; DLE = discoid lupus eythematosus.
" Medication was being given orally or applied directly to skin lesions. No topica l app li cation was given in t he area used in this study. DNA REPAIR OF LUPUS ERYTHEMATOSUS 453 in 8 LE patients. The lowest level of photorepair (19 %) was observed in patient LC, the only patient using Valisone. Interestingly, the 2 patients (DN and JS) being maintained on prednisone exhibited the highest level of photorepair-88 and 95 %, respectively. A normal individual (DK) tested at the same t ime as the LE patients exhibited 69 % photorepair. Overall, 56.5 ± 9.5% of the pyrimidine dimers induced by exposure of the LE to the sunlamp were repaired within the 5-min period of illumination with filtered light. This is slightly less than our previously published data (3] showing that 85% of the pyrimidine dimers induced into normal human skin are repaired upon exposure to 5 min of filtered light.
The level of excision repair was measured in 2 LE patients 2 and 24 h postirradiation with the sunlamp. Approximately 15.1 and 5.7 dimers per 10 8 daltons DNA were produced in the skin of patients ELand AL, respectively, following 37.5-s exposure to t he sunlamp. Following 2 and 24 h in the dark, skin biopsies were taken and the number of dimers in the DNA determined. At 2 h postirradiation, 3.2 dimers per 10 8 daltons DNA were found in the skin of patient AL. Twenty-four hours postirradiation 3.2 and 1.0 dimers per 10 8 daltons DNA were found in the skin of patients EL and AL, respectively. These data indicate that approximately 44 % and 81 % of the pyrimidine dimers were removed over a 2-and 24-h period of t ime, respec- "The number of pyrimidine dimers was calculated from t he number average molecular weight following alkaline sucrose gradient sedimentation of the DNA. Number of pyrimidine dimers pe r 10 8 daltons DNA = (1/Mnuv-1/Mnconl<ol)-b Percent repaired = [(dimers in DNA of sunlamp-exposed skin) divided by (dimers in DNA of sunlamp plus photorepair exposed ski n )] t im es 100.
,. Skin exposed or not exposed (no photorepair, PR) to 5 min of PR light as described in t he text.
/' X D 'AMBRO SIO ET AL t ively. Previous data (2] indicated t hat t he half-life fo r t he excision of pyrimidine dimers in normal individua ls was 58 min , and t hat 90 % we re re moved in 24 h.
DISCUSSIO N LE appears to have complex ge netic a nd environmental orgins [17] [18] [19] . One line of t hought suggests t hat LE occurs in t he genetically predisposed individual following exposure to sunlight. As t he disease progresses, clinical symptoms associated wi t h autoim munity and hypersensit ivity of t he skin to sunlight develop. It has been suggested (20] t hat UV irradiation of t he epidermal DNA may cause t he formation of DNAphotoproducts which are ant ige nic. Al t hough it has been shown that t he UV -DNA is a strong ant ige n [21] and t hat LE patients may have antibody reacting wi t h UV-DNA and DNA [1 3] , it is not clear whether t his is a cause of or t he resul t of t he disease. T he likelihood of t his hypothesis would be advanced if it should be shown t hat patients wit h LE have a poo r DNA repair system to allow for t he acc umulation of highly ant ige nic UV -DNA.
Our studies were designed to determine t he extent of DNA repair in t he skin of LE patients in vi vo fo llowing exposure to U VR. T wo previous reports, in norma l human skin in vivo have shown t hat t he half-life for photorepa ir is 5 [3] and 20 [ 4] min , while for excision repair t he half-life is 60 (2] and 90 [ 4) min. These differences in t he time required for repa ir are probably due to t he differen t lamps used and/o r t he method used fo r assayin g t he pyrimidine dimers. The variation noted in t he level of DNA repair in the LE patients tested may be an indication of ge netic variation or t he effect of the patient medication at t he time of testing. The level of repair did not appear to ref1 ect t he severi ty of t he disease.
T he clinical stage of t he disease varied in each of t he patients tested. Two patients had DLE wit h skin lesions posit ive fo r immunoglobulin and complemen t. The remainder had posit ive DIF in both lesional a nd uninvolved skin . This deposit ion may be depende nt on t he p resence of UVR as suggested by t he an imal studies of Natale and T an [7, 8) . Their studies demonstrated posit ive skin biopsy only in anima ls both sensit ive to UV-DNA and exposed to UVR, while those immunized t o UV-D NA and not exposed to light fa iled to demonstrate immunoglobulin deposit ion. Davis and Percy (20] suggested that UV-DNA may be released at t he dermal-epidermal junction, possibly serving as an ant ige n for immunoglobulin deposit ion. This study involved t he use of human ant iserum con taining antibodies to both native and UV -DNA. It has bee n suggested (13] t hat a defect in UV -DNA repair leads to the persistence of the UV-DNA an t ige n. Studi es by Beighlie and T eplitz [13] usin g UVR and H arri s et al [15) using N-methyl-N -nitrosourea to damage t he D NA of lymphocytes in cell cultures, suggest that t hi s may be t he case. In t hese experiments DNA repair was Vol. 81, N o. 5 much lower in LE patients than in the normal individuals. Our studies in LE skin in vivo as well as a nother study [1 4) using LE skin fibroblasts in cult ure indicate a normal or slight ly depressed level for t he repair of pyrimidine dimers in LE DNA.
